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(54) PARALLEL SORT DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To shorten the parallel 
processing time of a parallel sort device by equalizing 
the numbers of sorted strings which are read out of a 
secondary storage in every parallel processing unit when 
the external sorts whose objects data are not 
completely stored in a main storage are carried out in 
parallel to each other in a multiprocess. 
SOLUTION: The sort processing operations are carried 
out in the sort/merge main storage areas 31 and 32 
which are proper to the parallel processes. Then these 
sort processing results are stored in a shared sorted 
string main storage area 5. Then the strings are written 
in the work areas 81 and 82, and a work area 
management means 6 decides a string replacement block 
when the area 5 has an overflow. The strings are taken 
out of the area 5 and sent to the areas 31 and 32 to 
perform the merging operations after the sort phase is 
over. Then a string writing/reading means 7 decides the 
blocks to be read next, and these blocks are read out of 
the areas 81 and 82. 
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(57) imum 

ffi±E1MH3l. 3 2T\ y-MMMfH. *ss* 
£.flMH8l. 8 2KXhy>-^£*#tbU y- 

*. imstmmtf&6tf* b y y^m^mtyu ? 
im&t. v-b7*-xmmzv-b%*-zbvy 
rmzMmsfrt* y- h/-?-^ffl£fen3 1 . 3 2 ic 

mmm 1 . s 2*»^A2 ! <*£fT 3 . 



5 Y-m>9>? 



y 51 y 5 2 y S 3 y 5 4 



ir 6 



ST 



y 82 



(2) 



»B»¥9-2 3 1 05 3 



ntffiEmv&JtLZti&x h y yrz&wth y- b/ 

fuiey- h/v- >?ffl±Ett«w^ b 'J y?*£ y- h 
/v-^jsaL-csriW-sfrfcix b y yfztmtz 

wsxh y y/^^ajL-cfriey- h/^-^ffli 

frgy - h /v- vffl±fE«HW5* b y y/£y-b 
/v-^atT^uctf^^xb y y^Mtey- 

b8¥x b y v^±fi*W*fc«ttU »*v^i«HEy- 
bg?x b y y^Mmmm^x b y y?"£ y- h/v- 
^wiLT«fc*^ h y y/Srfriey- b/-?-ym 

E«i«t»at4y-h/'e-^ai:. Sr^ro-fe 

X-C'ft* LT *S M?iJ y- b -5 T , 

ME V - b/v- S^fgbWHEV - b/-?- ^ffliBtt 

tz%x v y y^oyn -y ? z miv- bmx b y y /± 
EttH«*>x h y y^tiiin ix±t&*-rt7v-7 
uv? mwmmmzm mi s t * . we* b y y 

WSBV- ha* b y y/±iais$M«o^-A-7n-yn 
h \ nine v - bSfx b y y ^iEttawo* b y y / 
^o^t fiiM^*^ii^ttJ ltx b y y/ 

iWvfhX b y y ffi L/IS^a^#P5i: . £41 

iscifc^^at-tsMWy-biiif. 

[§t^2] fnET-o-tx-e^-e^x^yft^av 

ttsnt^ja 1 E*K<WJy-bgs. 

[000 13 

.^^^JfcfirfcflSU mz. y-b#«T-?rt*£E 
[0002] ra^r-^"<-x>-XrArtg|5fy-T-f 



«*frr* - ^mmzmmztiizimt-mmmm 
[0003] &smafcztix^&mi'ZT&x'i&. 

±E*fc«K5'**-A'*9W*' h shared ev 
e r y t h i n sM<^T-^t9^X\ Z\<7)%m$ffl 
m*h. ZUZ. ifBttfc&fiTUfr^shared 
noth i nglft, ftmSfiX^VT-^T?^ 

z^mLtzi/XTMi. zeti&teimx'Zi. 

[0004] 

[£*<«?] £^^IW«Wto:fclKfciiHf 4 fc . 

[1 ] W03-0 7 1 2 27 

[2] Bitton D. , et a 1 : " P a r a 1 

lei Algorithms for the Ex 
ecution of RelationalData 
base ACM Transactions on 
Data — base Systems, Vo 18, No 
3, September 1 9 8 3 , p a g e s 3 2 4 
-3 53. 

[3] «jri3e&. "NonStop SQL 

o7-*r?^"v" , mmm. vo 1 33, noi 

2, page s 14 3 6-1 44 0#&*. Ztl^X 
[0005]£tt[l] Ciilif. ±Ett(»*m) t 

«fc*s8»*>y- b«rasrjwjwy- b mv. 1 e<d 

y-b7x-X£Log (n/m) @i?)7-y7x-X 

wnb--rtf*&fth . r ny^-nx v y y^'t if 
yy^fflWi, ftfen/m-c**. w«y-bwttft 

li, y-b7i-Xf7->-'7x-XJ)2,V>(^^0-7 

f^fHttCfc^-t* I/OboundTW) 
[»1^8^-^] . [Xttl ] Tit. y-b7x- 
Xi x-XcoSttJllLS: . Met^^v -y h'y 

^-riifc-c, MEitSr-9-^-b-ri)^ ; &yft* i +^ 

KJ>4«^» 3 0%*»4>8 0%C<?5«Ha*«/h-f4^rffi 
feBKLTV^. i^)*S6fc:J:*itf. V-h>mizm 

-tit* y tv- b/v-^jaafflkfSHasaafflt: 
9 l < ^iJ t . fSKa«s«ffl^^ * u <i-o«ox b y 
y $ *ut«jaT ( *> y- b/v- 

* tti L . - ^'7 x -TXri4±iEtt£» 

s»ai 4zaciB«^<o 1 /o ma^fBst 
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[0006]-*, h *»»7*a-fc iWt&l 

■?isyi,mmuzmtf. sat [2] iz^ztix^z. m 

-^y-MrUBB-fiHT. SUB OPTIAML 
STAGEi: OPTIMAL STAGED — OCDt-? 

9 lJbM94£:rn-fe-y-9-9 5J^9 8Ty-hU * 
<oe*^»RWC#7-n-bv9-9 5ftS9 8«t;:l#0 
* b 'J y^9 9 v LT Wg> . M?iJ 2 »7 x^f 

ffi&LZ tUzmrv* -yf T-e-y-fl, i t T ( P O S 
TOPTIMAL STAGE) , l*Oy-bSfl/S 

[0007] »Jfllr-^<-^^rAt*J»t4Rffift 

mmmm-mimimizftffiLxtetiiixm , & 

«(VrtmLt-M& (^-r^^ayfcD?^) fctfLTW 
cO%£<OHK&%r#J&iLT, f-^flflFO^OHHtf 

ztiz£hfrw*)i>hz. zcomizmwm-rmmn 
T-?mzfrmtff>zwr&. M?oy-KoopTiM 

AL STAGEtPOSTOPTIMAL STAG 
[0008] 

m-h9m*mff?l%r£?>ffiMte, SUBOPTI 
MAL STAGE, OPTIMAL STAGESrffl 

♦fljwfy-h-fcaau mtecxit [ i ] <onmzm 

tmuv- ho&mx-. mv- v&toov&tffm 
zti&ztx-hh. ztMx*vmm<D7-*T?? 

mmt&ztx\ i/om&wty yxztizttf*! 
m%ii-ftifre>x'hz. 

[0009] *M»y S7x-Xti-f- 
*fc|SW-SZ<MEtt'^> I /omitm* 2&X'frh. 

l &tt TJjt- * «oa»aj L, *> & v u 7 x -X«D^ 
«««*»4><o«t»aj ix-h *) : i swinmrw^t- 

■?mr&frX'hh: LfctfoT. ■I/OEH8t«r»J«W 

4*8:14, 7x-^R*filJ«-fS*», &SWi#7x- 



im±yy?Mz77-txi-&mmzh*). fmmmm 

lz® 0 ST 4> ftfeiEttliWar ? -fe* 4: S . 
[0 0 10] dO^BjT'ii, M5i]y-h<7)SUBOPT 
IMAL STAGE. OPTIMAL STAGES: 

fl*y-t-fc*fru •f^«™cfJOiTi»^ ; e i JSr 

^ijy-h<50HT'B$3lL$)3ifcT, 7-y'7x-X<^ 
Xb 'J y^T > 230Kttfr&i8*as*7*n??R£#;*h 
yy/TWcL, *JMMM-65«sy-h«ll7*M 

[00 11] 

T-?K-z<7M$&9m0)mH\3mx\ y-nn&s 
y *t-£ l s joaiaa^frff o £ 1 1= 

[0012] *<r)tz#>. z\<r8&%<r>^ v-vn^nxh 

bvyfton >ii y- h /-?- yjaa<o«t>BisPirc** 
$iti»x b y yrz&fttz y- h/-?-V'JB£!flg^ 
« t , y- h / v- ^5ss<o*iaaBtr4(K § ft s * b 

'J v^«tBIWH«S:*--'\*7n-'t47*ny^S:ifijBS 
^ifHWWtfl^illClWZJWHifc , £#7n-fe7. 
Wfttl« L , wisS. y - h /v- ^*ffl±IBttfB«w 

x h y y^^y- h/v-^a LT^js-fiWfc*^ 
h y y^ststt-r&uie^^*^^!. y-bafT. h 

^<0J5rJ@R7*D 7 9frhts;hZ Y V y7ZW.fr& LTI5 

lay- h/-7-vffl±iBttfs«ttnfrf sAaiTi^fia 
fc . BufEv— h/v-ismzimimnx h y y 

- h/v-^ssaLT&fcLfciffc*.* h y y^mi 
y - b h- y y^±!E«ffii«tiaw l . $> & v ^ifrtE 
y- hxgfx b y y?'3Limffi.®coA h y y /Sr y- h/ 
v-^MaLTfi^^T. h y yyzmiv- v/i-v 

a-CXTft*LT^I.M?iJy-h^atS>oT, KiiEy 

- b/-v-^#g* s l5IEy- h/-?-^'ffl±IE1i^^ 

y y/Sy-b/7-^aLT±B£-ri.fr^ : S:7. 
h y v?<n7u -v 9 ^miEy- b^T. b y y^Mmm 
W)z v y y/(cjtjDLT^i:i.3r-A'7n-7n 

UEf«l««tB S «i hbt. Mix V y y^-fii 
-f#ioa£ ^ixl. 7o -y 7StS:^L < £ o (zO 

wtsft*s«*s*&fc . MiEy- b»x h y 
e«isw<03!--a7 n-7n . y 9 mmimmmzmM 

ymmffiM^x h y y^'Sr y- h/-?- ^»a-r s 

fc*, l»E{l**iKJ:43E*7*n.y^^, WiimM 
m^hWifrftlxx h y b y 
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[00 13] y-h^ttWf-^li, ZMlfen 

wm.<r>rrw?*x\-vy?b i/raxoiBSii, *<o 
^tz&mv-htf%7lx±fcZtiZ>%itz%x b y y 

wt4>fii>. y- b/i-i;m£X&®Mmzz*cD7a 
±xT-wz%\ftT-?im*-&%tihti t . zmm 
tuaattt. x h y y/## afL/wwHi^&Pv- 

*tfr£4*£«-y- h*x h y y/±ieii«i$i: n^ieit 
<^ft«««fc:»it as-r. fna»fr+t^ caw--** y- 

h»xbyy^H±i£ttfc£3j&^<&ofc**, f^S 
««* «#8#, #X h f y /T-l#m^.7'0 -y ? ftp 

[ o o 1 4 ] y7i-xtn y- bgfx h y y/ 
ffl±is«is«<oJtacy - b^?>x h y y /^mos 9 a 

ztn±. mLnro-txvmizmm^tLi. z<r>m^ 
z&ru-txtffti8.Ltz£x<7)x h y y^zmxmm 
ti. -7--Jnm^7itzhco^ momx-mii 

itPOSTOPTIMAL STAGEt^JIWf £ft 

s. £*m» m-"7^y^xmmLxhx^L. 
yiz&mixmmtxh^K 

[0015] JdEttfP+K. y- hj y?M±ii 
tt^^o 7 ? Jt%£\ xbyy^##aiL 

7'o 7 ? fc H tx h 'J v /TiMcf WT* & ?'n -v ? *>tt 
^tBLg^SriE-f,, b*<n7nv9*m.*-#c$Mzr>\\X 

mmmmmx-mmh . z<wEtt<o^K!iw*» 7 
-5^«ratt, y- h$x h y y^ifBis^+o^ h y 

mmzx^x, &?u±xtfzMm<nmffim*b 
m^mtyn-y ^ mm^ztx. ra-txmx^v 

- h lz<m%!WmfflZi;bMt> Z b tfX'% h . 
[00 16] 

imivzmmm] mz. znmiz^x. mm* 
wskLxwmh. 

[0017] zcr>%,w<7)-mmicr>m&tt?mi £# 
. mth t . y- h^a 1 a* 2 ^rn^xxmif-r 

22b. XJlT-fZya-txttmcoV-h-z-itmi. 

tmnm 1,32 tcM^atf^^oA***S3 1 . 



1 , 3 2±f y-hfeSv^iv-vXTfiu^yy 

#S4t«t-5Ty-h5futM*T'*l>Xhyy^5 1 
J!3 5 4 £ s * 4 y - h «f x h y y/J8±fc«HHtt 5 

^-yN'7 0-LT, R±IBtt««5360pflL3t«^t: 
ffi;LT , x b y y ^ 5 1 5 4 X'b' <r>-/u 7 7 Srfpt 
&7a-y?OE#8&;UBfc UCSKtSfrfcftJ&taft 
KKHttMRI^a 6 1 . f^fflJ^a^S 6 Lfcy 

uvtzru-txttmrntmsi, siwnwt 
xh<jy7'mitii/m&&^&7b. 
[0018] zammmx-n. zmmmnm-txtf 
y-MSS^i^xhyy^fcUTv^s. ^iiJi, ffi 

jRatB-ca^Mjay-h^suBOPTiMAL s 

TAGE, OPTIMAL STAGE{tffii-tl). ft 
«W(c#ra-feXT««lUfcy- NSrX h 'J y^>^> 1 
*0>y-MS*£1#4fctt» §4>^OSSSS-^-^t 
^^K^tb 5 . 2 1 , 2 2 1 y- h/V-v 

ffl±ia«s«3 1 , 3 2 . mm&z 1,82 (4^1 
«ra*ffiorn-fexttKflq£L, y- v%x h y y^ffl 
±iEttfR«5co**». mam^m-txiz^mtfcm 
mvtohtinbixm. immi&8i. 82^, y- 

h/v-^±K1g^«3 1 . 3 2«rM5Maa*ffifcft 

surf* soEtio 1 hzb mmx'h & . 

[ 0 0 1 9 ] mz. znmmmov- hv-vmum® 

mmi, 32b. y-har*byy/JB±£tt««5 

6 *>y- f^N'J y 5±cox b y y 7' 

5 1 Jb5 5 4 O if C07*o -y ^ SrS * mil fr<?>&l£iim 

wml. mz y - h mx hoy ymarnvM 5 

i/D-y? Lfe«^. x h y y Hi L/M* 

tht^S7^t"i7)yp -y ?z-mffi<r>fmmn8 1 , 

[0020] ftr Mmm®.m4 x^mmumimm 
+&. v-b/v-ismsimzyo-txm-Gnmmx 
b*). *rAx\±&rn*Lxxmuzth, &?v4*xtf 

ymthXliT-f+MXtnbL. V-bJS&Eton 
y-J X£mbt&b. -my"u-tXtf£j8.-?&V-b 

mxhvy rvms&kx' n /m t . 
ymifiiZmb^h**: 'jut wa^^x h »j y^m 

y y^<±. ^^yn-fe^A>'M L>tx n y y ^t- 

v-^5agfC'£^±IS1i*$rf (n/m) "CSS 
m= f ( n/m ) 

**** 'J *m£ifcjg-ri.£ fc#3* LV\ fct itf . 
f (n/m) =n/m<7)^--X2:#^|.i: s ±^(im = 
n/mt^y. m=root (n) b%&. ±3&0>£l 

iz. v-v/v-ismmm&m^ni. -?-i>riv 
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•d y x&T&mt s * * y a t wmnxiJT- ?bfrt> 

m®®lzmK>%X&. 

[ O O 2 1 ] mz . #^^S#S6 cD^n 7 
f££iB"!J!-fl>02 (a) , 02 (b) , 02 (c) , H 

2(d) mmix. mmm ! smmeizxi,s.m 

IT/UVX&ZmWtl. 02 (a)Mi2 (d) 

-cut. iBS5 4o 

4 ##±fi)i$ix, V- h£ x h y y /ffliEflHW* 5 1 

5 7n 7 y tt^PC 12/D7 

X, yD7?«i^ii.*%L. y-hjfrxhyyy* 

m&iwm 5 t>imm& 8 1 , 8 2 tits ?s& 

ntli§*ifc7*n 7 ^(iH^ OS LT'^t- fc 

02 (c) . 02 (d) ?, B#*i»i:ti. Zcom. 

*)<n7u-,mX'h%>, itz, mt\t. 02 (a) , 

( b ) xm&x'^tix^h y- vftx v y v?ixm 

7n 7 ?x-hh . x h y yy* 5 1 £ x i- y yy"5 2 nr 
n-fcx 1 5#y- b»U:x h y yy~T-s> y , i«? 
-i?wsx'i>7tftx 1 5 ^"ffiffl-r I) . x b y yy* 5 3 
fc x h y y y 5 4 ttrn-fex 1 6 *«y - m&a Lfc* r« 
y yy*T'S> 0 . m^-^umx-aru-tx 1 6#«ffi 
-r*>. 

[0022] 5fe-f02 ( a) i±. Xb 'J y/5 3<D4f£ 

■otztif&X'V- hmx h y y7Mtfm®5cD 1 2 7n 
•y y tx *• y y y>w> t> tuzmiz* tx v ^ . ; 

WSi&X. XbV>75 1, 5 2, 5 3 ^TOg^ 
*J£liOT'£l>*\ ±&L£7"a-y ^SrSSWSStclStt 
-M>fc#, 03Cifi(f. g^JJW- (o49«S!»*fc 
& -> T U & X h y y y* 5 3 £M ) £ ft* WfcraiR-J- 6 O 
T\ ■ LTX h y yy*5 1 jWWfilS (X 

f 776 1 ) . XHJyy'5 ltf>17*n-y 

fc«£cv - h^x h y y ^'ffliieiitc«§ 7n -y y # 
Spfcts ( lULhT**) <r>X\ znxboymmt 
Gti&ZtVt&ift (02<7)5 13) tm&tntnttitt 
totdbttLX^h (X-f776 2<?0n o ) . & 

wc&ox b y yyw-itmmzmrt&t: 

i">f:.:;i. £ty)X I- y y/c'^i /K$VMI£-£i?7a y 

** h hfrt>x%z,.m3<?>T>v xa iz Ltztf^x. 

2(b) IC^-T. Xh'jy/54«yD7^ll 



x h y y^'*# tts i <pizm. ttzmomm 5 1 

2, 513, 522, 523, 536, 537, 54 
2, 5 4 6cOS#m^.^<i:-t>T. 1 2 7 o -y 9 
511, 521, SSlTb^SSS, 54 1, 543ft 
S545, 5 4 7tattft^<t"CV^*. CWKsirtlSifti 
tt, 030)Xf-y7 , 6 2<m&frt>. m2(DXa y?5 
4 1XU^±l^\ 02 (b) fc±*ltf;ftiftWfc£T 

m h y y ?x-KmtWLtf2 1 =5r 0 . l^ttJ-T^^ 7 
a -y ^ ft# H t K «r h mizm&Z tiX^hZttfhfr 
h. ZVZbtt. ~?-*JWmtz7a-txi 5fcJ;t/r 

o-fex 1 6 xm%ft$mm8 1 , 8 2frh<mMit 

Wm I < % 0 , 47n«W- ^JftaiSf 7«HB 
A^t^r S - i: SSft-t 4 . V - Y-&X b 0 y?'±M 

mm® 5izxbu yywkfoztix .xu-y? srs# m 
i&tctbizte. v- vmx b y yrmam 5c?>wzm 

*S 7 81, 8 2 fc» * fflt'sfiBI*** 6 . 9 

#Sl-^^sy/^. B§Ji^^mti>^^sy^ 

L?t*\ mmz*Z&LXt5<Z b^X'th. fztsL 

ts\ stt^s#}ii* i m-ri>-OB? (oi y, y-h 

h y y^ffl±K»IIWM= 1 ya y ?<7>£##&-g,ii?f 
*t-) 03cor;u3'yxA2rjaiiL. ixtjf #8ii 

tatxi5<ztx\ xftT-?frt><m*-$,Lt$iiW 

tft'COXv -y ^ ^f^^«8 1 , 8 2*»4>tt*ttJ-f *»£ 
[0023] 5fe-T02 ( b ) ^7-yM«W,at 

hh . x h y y?m% tti u/B!»a»#R 7 057*0 -y 7 

"WQHIS:^7n-f-^-h-C , *S04K:J:<t{fEI2 
(b) T\ ra-feXl 6<^-i''J0Sa 4 ji ! f? L. /n 7 
^5 3 1#3*C*ofci:'t4. ^if, 04O1O7D 
-f-r-M^dt. 7a-feX5 6@#O-?-y'3!0ia 
T, S^«yo 7^531 tSS»ffit-f^(HH*07*o 7 
^{i, 02(b) (7)5 3 6, 5 4 2*»^{f*mife*l3t 
7o-y^T\ «I<?oa*.5 4 2(i;SggilT'S>y, 536(i 
Sgff 5X'hhZtfr$> (Xf 777 1, 72) , Xh'J 
y?m*& U/R*a»¥S7{i7*n <y ^ 5 4 2 *Sl» 
ffi^f (Xr 777 3) . i(50^» V-i/^ati, 02 
(b) «7)7*07?54 1 , 5 3 2<*JBT1tK-r6. - 
^r, ro-fex 1 5 <?)•?- v*og#»ffL7"n 7^511 
***Sfc=flr-a fe fct !> t . <J"t«*{litW* 7*o 7 y «0 
2 ( b ) O 5 1 2 , 522 TH3 »i 7'Q 7 ^"C 
S>0. #«ffitt{ii!Srwc. S^-c7)Xhyy^»:c7)7 

d 7 ^T'S> & 5 1 2 **as*a] U)*t*t . 

[0 0 24] ^ri>. dCOHWtli. yX)V^-yyr\,Z 
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awv* ■? y r^mm-th z t x\ yr>w< ? 7 r t <t 

^•y7°2^J^feftr. r» "5 36* 1 KTifeJi. ^?>7° 
Q-irX<7)5fe^fflA'>y7rA J lOTj &&U±, r»0 
**2filTj fclffcJSHtitf 04^7 

\ \x , ro-fe X £ *3r.X * U I7^frn-b -y -t£7)#r 
l>. 

[0025] 

M?iJtnff-ri,?hgi3y- t-^-^7 x -xxmn-mt 
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